Mortality disparities between high school dropouts and high school graduates may be widening over time. These changes could simply reflect demographic changes among dropouts over time or could represent changes to the cognitive or social benefits of education itself. We used a unique dataset that contains 32 years of survey data, 38 years of mortality follow-up data, and a wide array of psychological, sociological, cognitive, and demographic questions to explore the underlying causes of widening disparities in survival among high school dropouts relative to graduates. We focus on individuals surveyed from 1978 through 1997, and focus on ten-year survival for each respondent. We confirm that mortality disparities between high school dropouts and high school graduates have widened over time. We also find that the racial composition, parental education, racial mix of neighborhoods, income, and verbal IQ of high school dropouts and high school graduates have changed greatly over the past three decades. However, while each of these factors is itself an important determinant of survival, we find that none of these factors (or combinations of them) explain the widening mortality disparities by high school graduation status over the two time periods we study. The widening disparities in survival time by educational attainment we observe are not linked to changes in the socio-demographic characteristics of high school dropouts relative to high school graduates.
BACKGROUND
Mortality disparities between high school dropouts and graduates have increased over the past four decades in the United States, and female high school dropouts have actually experienced a deterioration in life expectancy over time. [1] [2] [3] [4] [5] [6] [7] A decline in life expectancy for a group of this size is unprecedented within a nation that is not undergoing disease epidemics, natural disasters, or political collapse. [8, 9] Over the same period, more-educated Americans of both sexes saw gains in life expectancy, leading to a growing gap in survival between the less and more educated. [10] There are a number of competing or overlapping explanations for this phenomenon:
First, poverty is a powerful predictor of both dropping out of high school and of poor health and longevity. [11, 12] Therefore, these growing mortality disparities among high school graduates and dropouts might simply reflect changes in individual socio-demographic characteristics. For example, it could be increasing numbers of poor children who both have poor health and poor high school graduation rates that explain why education disparities are widening over time. This is possible because more children are born into such families over time. [13] If poverty is the underlying cause of widening disparities, then high school dropouts and graduates may be different from one another before they ever set foot in a grade-school classroom. Such a finding might not set off alarm bells within education policy because it is the students that require attention (whether in the form of early family interventions, redistribution programs, or means tested education programs) rather than the schools themselves.
Second, while poverty is a powerful predictor of future educational attainment and future health, cognitive ability is also an independent predictor of a child's chances of graduating from high school and his or her chances of being healthy. [14] School quality is a potentially powerful determinant of a child's cognitive ability. Therefore, school quality could also explain the growing mortality disparities by educational attainment.
Third, a diploma seems to be an increasingly important determinant of one's future earnings and employment, two other factors that are very important correlates of health and longevity. [11] As the wages of high school dropouts and graduates have diverged, graduates may have enjoyed increasing access to health-enhancing goods and services, such as safe neighborhoods or better food, over time. [11, 15] Consistent with this hypothesis, prior research suggests that adult unemployment contributes to the growing gap in mortality by educational attainment. [16] Finally, high school education could improve people's life satisfaction, which might indirectly contribute to health outcomes. The theory is that less satisfied and less happy people have more stress (or more stressed people are less satisfied and less happy) and that this stress leads to harmful physiological changes and behavioral risk factors such as smoking. Consistent with this hypothesis, prior research suggests that smoking contributes to the growing gap in mortality by educational attainment. [16] Much of the prior work examining the underlying causes of increasing mortality disparities by educational attainment has been conducted by Jennifer Karas-Montez along with various other researchers. [16] [17] [18] [19] [20] These studies tend to explore the underlying contributors to these disparities using an intuitive, but fixed methodology and set of theoretical assumptions. They find that smoking and unemployment are explanatory factors, however the effects were far too small to support either the life satisfaction or the macroeconomic hypotheses mentioned above. Moreover, smoking rates have not changed much between high school graduates and dropouts in recent times in the general population.
METHODS

Overview
In this paper, we first describe changes in the socioeconomic and demographic characteristics of high school dropouts among respondents to a very detailed national survey, comparing those who responded between 1978 and 1987 and those who responded between 1988 and 1997. For a given explanation to be valid, it must: (1) have changed over time, and (2) have contributed to the growing mortality disparities by educational attainment. We selected explanatory factors a priori by categorizing the variables at our disposal into those that would identify: (1) sociological characteristics, (2) demographic characteristics, (3) psychological characteristics, and (4) cognitive skills. These variables are listed in Table 1 .
We test these variables or groups of variables in two ways. First, we explored whether the variables have changed over time. Second, we tested whether they might have explained the growing mortality disparities by educational attainment over time, measured as 10-year survival.
Study population
We used data from the 1978-2002 General Social Surveys (GSS) linked to the National Death Index (NDI) through 2008 (2008 GSS-NDI). [21] Each wave is based on a newly drawn, nationally representative population sample. In the 2008 GSS-NDI, survey respondents from 18 waves of the GSS were prospectively linked to mortality data by cause of death. The data were successfully merged and validated without issue. Surveys are administered face-to-face. Details of this public use dataset are available elsewhere, including nonresponse rates by survey year, corrections for non-response bias. [21] Extensive documentation surrounding the sampling frame and quality control measures are documented on the General Social Survey website. The GSS-NDI project was directed by one of the authors (PM) and institutional review board approval was obtained from the Columbia University Medical Center.
The 2008 GSS-NDI contains 32,830 GSS participants. We restrict the sample to respondents who are at least 25 years old at the time of survey, are not foreign born, and do not have graduate degrees. Using the 25 and over sample aggregated by gender, we then divided the sample into two periods: 1978 through 1987 and 1988 through 1997, which we refer to as "the early period" and "the late period", respectively. We chose these periods because they allowed for the estimation of 10-year survival for each surveyed individual in our sample (i.e., those surveyed in 1997 were observed in 2008). Those restrictions leave us with 8,751 respondents surveyed in the early period, and 9,796 respondents surveyed in the late period.
Approach
An argument can be made for running the analyses guided by previous work in this area, including those for whom the gradient may be widening to the greatest extent (e.g., women and those aged 45-65). [20] While this allows for a focus on the groups that might be most impacted, our sample and periods differed significantly from these earlier analyses. We nevertheless ran separate analyses that only included participants in periods for which educational disparities were increasing in one study as previously recommended. We also ran analyses separately by gender because women seem to be predominantly impacted in many studies. These supplemental analyses are available from the author, but they both reduce our statistical power and, rather than increasing the coefficient size, do not impact our coefficients greatly. While prior studies have used sophisticated models to examine whether specific variables contribute to the widening gap in educational attainment over time, [19, 20] we exploit the fact that the 2008 GSS-NDI was conducted over a long time period and that it contains an unusually rich set of variables. [22] This allows us to utilize a much simpler, more transparent, and more descriptive approach to assessing the growing mortality disparities than by attempting to interact terms in a multi-year, multiple cross sectional dataset with hugely differential follow up times and widely different potential for causes of death. For example, a 25-year-old surveyed in 1985 would be exposed to a much broader array of causes of death through 2008 than would a 65-year old surveyed in 2002.
We test whether the variables in the GSS-NDI explain the growing gap in mortality with Cox proportionate hazards models. We then add control variables to the models to ascertain whether they might explain changes between the late and early periods. We test whether the mortality gap between dropouts and graduates has grown significantly over time, and whether that growing gap can be explained by including the covariates available in the GSS, using an interacted Cox hazards model. We report results of p-tests for the equivalence of dropout effects over the two time periods.
In particular, we begin with a standard hazards model:
Here we model the effect of being a high school dropout on mortality as shifting the hazard of dying over time, t. We estimate this model separately for the early period and late period. We then add control variables, W , to test whether those control variables affect the high-school-dropout effect in each period.
The sample in each period is a nationally representative sample of the US population. Since the age distribution of the US changes over time, we age-adjusted within each period. This way, the sampling frames and follow-up differ only with respect to period.
In the interacted model, we combine both period samples and include an interaction between the period effect and each of the other variables. This specification allows the effect of each variable to be different in the earlier and later period. We test for the difference between the early and later period dropout coefficients.
Standard procedures for analyzing GSS data were followed, and none of the analyses were weighted. We explored relevant interactions that may have influenced comparisons between period 1 and period 2, and controlled for study year within each interval of interest.
Variables
We selected variables that were known to be associated with mortality a priori. Not all of these variables were included in all years of the GSS-NDI. We incorporated into our analysis only variables that were present in at least some of the earlier years and at least some of the later years. Nonetheless, variables that were excluded some years were not cleanly distributed across both periods and including such variables produced significant impacts on our sample size. As a result, we divided the variables we felt to be relevant into two categories. One category (the baseline analysis) consisted of influential variables for which there were few missing values. The other category (the sensitivity analysis) included variables that were missing in many sample years. This way, we were able to get a sense of the influence of variables within the sensitivity analysis on the overall inter-period differences in health disparities by educational attainment without compromising the integrity of the baseline analysis.
The baseline and sensitivity analysis variables come from two groups. The first group consists of pre-educational characteristics of the GSS respondents: race (black, white, other) and mother's education (by highest degree obtained). The second group consists of post-educational characteristics: home ownership (yes/no), [23] verbal IQ (which may also be a pre-educational measure and was constructed using the wordsum measure), [24] residence in a high-crime neighborhood (perceived neighborhood safety at night), life satisfaction (based on a 3-item Likert scale), [25] satisfaction with household finances (based on a 3-item Likert scale), living in a mixed-race neighborhood (yes/no), income (in constant 2000 US dollars), [26] and the frequency with which the respondent spends time with parents (number of visits per year). [27] Each of these characteristics has been associated with changes in survival (see citations).
Analyses
We estimated Cox proportional hazards models to account for censoring in the observation of death after survey. Our primary outcome measure is mortality among native-born participants age 25 and over. The age restrictions allow us to focus on those causes of death associated with educational attainment that occur in middle-ages (leaving aside, for example, violence, where rates varied between the earlier and later periods) and because education is usually completed by age 25. [28] We tested to ensure that the proportionality assumption was met. In all regressions, we control for age at the time of survey and year of survey.
We ran proportional hazards regressions on two samples: respondents surveyed in 1978-1987 and respondents surveyed in 1988-1997. The key coefficient of interest is the difference in the hazards of dying within 10 years for a high school dropout relative to a graduate in each period. We gradually added demographic controls to the models to assess how those controls mediated the measured disparities in each period. We conducted all analyses using Stata version 11.2. Table 1 presents descriptive statistics for the analytic sample. The lot of both high school dropouts and high school graduates tended to generally show a trend toward improvements in risk factors for lower survival time. However, across some categories, the rate of improvement was greater for high school graduates than for high school dropouts. For instance, participants who dropped out of high school and whose mother was a high school dropout fell from 71% in the early period to 66% in the late period. Among participants who graduated from high school, the percentages were 42% and 34% respectively -a similar but somewhat steeper decline than for dropouts. Most notably, relative to the early period, survey participants who dropped out of high school showed a trend toward a lower likelihood of home ownership, while home ownership was stable among high school graduates. Table 2 presents estimates of the association between health risk factors and the hazards of dying after the survey in each period. The table presents four models with increasing number of controls, to help the reader subjectively assess how each additional control affects the observed association between high school dropout status and the hazards of death. All models all include controls for age at the time of survey and year of survey.
RESULTS
The first two columns of Table 2 suggest a small association between high school dropout status and mortality hazards in the early period (hazard ratio [HR] = 1.16; 95% confidence interval: 1.08, 1.23). By contrast, in the late period, we observe that high school dropouts exhibited a 33% increase in the hazards of death compared to graduates (HR = 1.33; 95% CI = 1.23,1.45). The difference in the dropout effects across the two periods was statistically significant (p < .01). Models 2 through 4 exhibit a similar pattern: a small association between dropout status and mortality hazards in the early period, and a larger, statistically significant disparity in the late period. The disparity is still statistically significant in the late period and of similar magnitude. This is true even once we control for race, the respondent's mother's high school dropout status, satisfaction with his household's finances, self-reported happiness, living in a mixed-race neighborhood, and earning more than $50,000. For instance, in Model 4, which controls for all of the factors above, high school dropouts exhibited an 8% increased hazards of premature death in the early period (HR = 1.08; 95% CI = 1.01-1.16) but a 24% times greater hazards of dying (HR = 1.25; 95% CI = 1.14-1.36) in the late period. This is roughly the same difference observed in the model with limited control variables. As with the basic model, the change in the dropout differential between the earlier and later periods remains borderline significant in the more comprehensive model (p < .05, data not shown). Table 3 explores the sensitivity of our main results to additional controls. These are variables that would have influenced the power of the study were they included in the main analysis presented in Table 2 . Given the number of missing observations for each variable, each model in Table   Published by Sciedu Press  Table 3 , as a whole, suggests that these additional controls (homeownership, verbal IQ, living in a high-crime neighborhood, spending time with parents, ever smoked, and ever unemployed) do not change the basic patterns seen in Table  2 . For instance, Model 1 suggests hazards in the early period (HR = 1.11; 95% CI = 1.04, 1.19) and in the late period (HR = 1.28; 95% CI = 1.18, 1.39) that are comparable to those seen in model 5 (early HR = 1.09; 95% CI = 1.00, 1.19 and late HR = 1.25; 95% CI = 1.11, 1.41). Home ownership, verbal IQ, and smoking are statistically significant predictors of mortality in the late period, but do not appear to explain much of the observed changes in mortality disparities by diploma status. 
DISCUSSION
We test whether growing survival time disparities in the United States between high school dropouts and high school graduates can be explained by the changing sociological, demographic, psychological, behavioral risk factor, or cognitive characteristics of less-educated groups. Our results suggest that mortality disparities by educational attainment have indeed grown, and that the characteristics of high school dropouts have changed somewhat over time. For example, in recent years, high school dropouts are somewhat more likely to be African American and to have parents who themselves were high school dropouts. With the exception of home ownership however, both groups trended toward improvements in known risk factors for decreased survival time, [29] just at slightly different rates.
Our analyses do not suggest that such socio-demographic changes account for the growing gap in mortality hazards between those with more and less educational attainment. Specifically, factors such as verbal IQ, income, happiness, racial diversity, homeownership (a powerful measure of accumulated wealth), structural social capital, smoking, and unemployment-each of which are also important predictors of health and mortality in their own right-do not explain rising health disparities by educational attainment over time, either apart or together. [23, 27, 30, 31] Taken together, a subjective assessment of our findings thus suggests that the rise of mortality disparities in the United States over the past thirty years cannot simply be written off as a mechanical consequence of the changing sociodemographic or even cognitive characteristics of high school dropouts relative to high school graduates. Rather, it suggests that something else is at play.
Previous work exploring this question used more precise models applied to data with many fewer variables and a shorter follow up time. These analyses found that smoking and employment explained part of the difference. [32] We opted not to repeat this approach in part because the structure of our data makes this less feasible and in part because a more subjective assessment of the trends in sociodemographic risks and survival time can provide a cleaner and clearer sense of the relationships between: (1) dropout status; (2) social, demographic, and cognitive risk factors; and (3) diverging survival times by dropout status. We ran our analyses many different ways-stratifying by gender, changing the age range of the participants included, and including/excluding various groups. We ultimately present the results combined because none of these analyses produced results that were substantively different from those we present as our base case analysis. The effect sizes were not much different when the sample was restricted to those 40 and over or when it was stratified by gender. By combining groups and including a broader age range, we are able to better statistically test the observed trends.
One downside to our approach is that it is possible that high school dropouts and graduates are diverging in large number of ways. Each of these could produce almost unnoticeable changes in survival time on their own, but collectively produce a diverging survival time by dropout status. We do not know of a source of data as detailed or robust as the GSS-NDI that also allows for testing of joint effects (e.g., via seemingly unrelated regression). [33] We must also acknowledge several other weaknesses of our analysis. By necessity, we limited the sample to individuals who responded to the survey, several variables were missing for a large part of the sample, and we were not able to study more-recent extracts of the GSS, since there would not be a sufficiently long follow-up period. However, non-response bias for any given year was minimal, and missing data was almost solely attributable to systematic exclusion of some variables form the GSS for a given year.
Whatever it is that underlies America's health woes, it is striking that a population health problem with little historical precedent has received so little attention from the media or from government funding agencies. To date, the only experimentally proven interventions that might improve population health in any form are parenting and early-education interventions, though some forms of social welfare also show limited promise. [26, 34, 35] Such interventions appear to hold promise both in improving high school graduation rates and adult health, [35] [36] [37] but whether they might address mortality disparities by educational attainment is an open question.
